A novel, anaerobic bacterium, strain MO-SEDI T , was isolated from a methanogenic microbial community, which was originally obtained from marine subsurface sediments collected from off the Shimokita Peninsula of Japan. Cells were Gram-stain-negative, non-motile, non-sporeforming rods, 0.4-1.4 mm long by 0.4-0.6 mm wide. The cells also formed long filaments of up to about 11 mm. The strain grew on amino acids (i.e. valine, leucine, isoleucine, methionine, glycine, phenylalanine, tryptophan, lysine and arginine), pyruvate and melezitose in the presence of yeast extract. Growth was observed at 4-37 8C (optimally at 30 8C), at pH 6.0 and 8.5 (optimally at 7.0-7.5) and in 0-60 g l 21 NaCl (optimally 20 g NaCl l
the phylum Firmicutes. It was related most closely to the type strain of Sedimentibacter saalensis (94 % sequence similarity). Based on the phenotypic and genetic characteristics, strain MO-SEDI T is considered to represent a novel species of the genus Sedimentibacter, for which the name Sedimentibacter acidaminivorans sp. nov. is proposed. The type strain is MO-SEDI T (5JCM 17293 T 5DSM 24004 T ).
Subseafloor sediments of the continental margins are important places for global biogeochemical cycles on Earth. Many previous biogeochemical and molecular ecological studies have demonstrated that subseafloor sedimentary environments harbour an enormous microbial biomass, comprising micro-organisms with great functional and phylogenetic diversity (e.g. for reviews see Inagaki & Orphan, 2014; Jørgenson & Boetius, 2007; Lever, 2013; Parkes et al., 2014; Fry et al., 2008) . However, the detailed physiological, genetic and ecological properties of individual species are largely unknown, because most subseafloor sedimentary microbes have been resistant to efforts to cultivate them. Indeed, there have been few reports on the taxonomic characterization of isolates obtained from these environments (e.g. reviews by Engelen & Imachi, 2014; Sass & Parkes, 2011) .
Recently, we have successfully enriched a methanogenic microbial community from subseafloor sediments down to 106.7 m below the seafloor off the Shimokita Peninsula of Japan (Site C9001: 418 10.63890 N 1428 12 .0810 E; 1180 m water depth), using a continuous-flow bioreactor (Imachi et al., 2011) . The methanogenic community comprised phylogenetically diverse micro-organisms, such as heterotrophic bacteria and methanogenic archaea.
Using the enriched methanogenic community as an inoculum with traditional batch-type cultivation techniques, we obtained several anaerobic micro-organisms in pure culture. In this report, we describe the detailed isolation procedure and the physiological and genetic properties of one of the isolates, an anaerobic chemo-organotrophic bacterium, designated strain MO-SEDI T . In addition, we propose that this strain represents a novel species of the genus Sedimentibacter, because of the genetic and phenotypic properties that strain MO-SEDI T shares with species of the genus Sedimentibacter with validly published names.
The basal medium used in this study was prepared as described previously (Imachi et al., 2011) . The enriched methanogenic inoculum was obtained from the bioreactor at 761 days of operation. Our 16S rRNA gene-based clone analysis for the 761 day sample showed that a phylotype that had an identical sequence to strain MO-SEDI T represented 3.7 % of the relative clonal abundance examined in the bacterial clone library (Imachi et al., 2011) . A primary enrichment culture supplemented with H 2 (150 kPa in the head space), 0.01 % (w/v) yeast extract (Difco) and 1 mM acetate was anaerobically incubated at 10 8C. For the roll-tube isolation method, solid medium was prepared by adding purified agar (Agar Noble; Difco) to the basal medium at a final concentration of 20 g l
21
. After isolation of the strain, all cultivations were performed at 30 8C in 50 ml serum vials containing 20 ml medium, or in 25 ml tubes containing 10 ml medium, at a final pH of 7.5, under an atmosphere of N 2 /CO 2 (80 : 20, v/v) without shaking, unless stated otherwise. The serum vials and tubes were sealed with butyl rubber stoppers and aluminium crimp seals. Neutralized substrates were added to vials containing basal medium from stock solutions prior to inoculation.
Growth and substrate utilization were determined by monitoring the OD 600 . All incubations for substrate utilization tests were performed using exponentially growing pre-cultures (10 %, v/v, inoculum) at 30 8C for over 1 month. The effects of temperature, pH, NaCl concentration and antibiotics on growth of the strain were determined in basal medium containing 25 mM pyruvate plus 0.1 % (w/v) yeast extract. To evaluate the optimum temperature for growth, the strain was cultivated at 0, 2, 4, 10, 15, 20, 25, 30, 33, 37, 45, 50 and 60 8C. To determine the pH range for growth, the pH was adjusted at room temperature to 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5 and 9 .0 by adding HCl or NaOH solution under a 100 % N 2 atmosphere prior to inoculation. The pH of the medium was monitored during growth every 4 days using a portable pH meter (Twin pH B-212; Horiba); the pH was readjusted by adding HCl and NaOH solution if the initial pH values had significantly changed. To test the effect of NaCl concentration on growth, NaCl was added to the medium at final concentrations of 0-120 g l
. Antibiotic susceptibility was examined with cultures supplemented with antibiotics at a final concentration of 50 mg ml 21 .
All incubations for these tests were performed in triplicate culture vessels without shaking in the dark.
Cell morphology was examined under an epifluorescent microscope (BX51F; Olympus) equipped with a colour CCD camera system (DP72; Olympus). The Gram-staining reaction was performed using a BD Gram stain kit (Becton, Dickinson and Company) according to the manufacturer's protocol. A potassium hydroxide string test was also conducted to determine the cell wall structure of strain MO-SEDI T , according to a protocol reported previously (Halebian et al., 1981) . Transmission electron microscopy of negatively stained cells was performed as described by Zillig et al. (1990) . Briefly, cells were collected during the mid-exponential growth phase at 30 8C and negatively stained with 1 % (w/v) neutral phosphotungstic acid for observation with a JEOL JEM-1210 electron microscope at an acceleration voltage of 120 kV.
Indole production and sulfide formation were determined using sulfide-indole-motility (SIM) medium (Nissui Pharmaceutical). For the analyses of isoprenoid quinones, polar lipids and cellular fatty acid methyl esters (FAMEs), strain MO-SEDI T was harvested from cultures grown with 25 mM pyruvate plus 0.5 % (w/v) yeast extract. For comparison, Sedimentibacter saalensis ZF2 T and Sedimentibacter hydroxybenzoicus JW/Z-1 T were purchased from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (Braunschweig, Germany) and subjected to isoprenoid quinone, polar lipid and FAME analyses. The reference strains were cultured at their reported optimum growth temperatures in the same basal medium containing 25 mM pyruvate plus 0.5 % (w/v) yeast extract. The detailed procedures for isoprenoid quinone, polar lipid and FAME analyses were as described previously . Other biochemical and enzyme activity tests were performed using API Rapid ID 32 A and API ZYM kits (bioMérieux), according to the manufacturer's instructions. The G+C content of the DNA was determined by reversed-phase HPLC with a DNA-GC kit (Yamasa Shoyu) after digestion with nuclease P1.
Detailed methods for DNA extraction, PCR amplification, clone library construction and sequencing have been described previously (Imachi et al., 2011) . 16S rRNA gene sequence-based phylogenetic tree reconstruction was performed using the neighbour-joining method with Jukes-Cantor correction, implemented in the ARB program (Ludwig et al., 2004) . To estimate the confidence of tree topologies, bootstrap-resampling analysis with 1000 replicates was performed for the neighbour-joining, maximum-parsimony and maximum-likelihood methods by using MEGA program version 6 (Tamura et al., 2013) .
Carbohydrates, short-chain fatty acids and alcohols were determined by HPLC, as described elsewhere . Amino acids were identified using a Shimadzu HPLC system, after they were derivatized to a fluorescent diastereomer. The excitation and emission wavelengths for fluorescence detection were 350 and 450 nm, respectively, and the data were processed using a Shimadzu RF 20Axs fluorimeter. The sample solution was diluted as appropriate and a 10 ml aliquot was mixed with 10 ml 0.1 M HCl, 80 ml 0.2 M borate/NaOH buffer (pH 10) plus 1.75 mg N-acetyl-L-cysteine ml
, and 1.25 mg o-phthalaldehyde ml
. The mixture was filtered through a 0.2 mm pore-size polytetrafluoride ethylene cartridge filter (Millipore), and then injected into the reversedphase HPLC column (YMC-pack Pro C18, 4.6 mm i.d.6250 mm; YMC). The elution gradient was applied using the following eluents: A, 10 mM sodium borate/ 10 mM sodium phosphate buffer (pH 8.2); B, 40 % methanol/40 % acetonitrile/10 % water. The gradient programme was as follows: 15 % B for 1 min; 15 % to 60 % B for 12 min; 60 % B for 3 min; 60 % to 15 % B for 2 min; 15 % B for 2 min. The derivatized pure amino acids were used as calibration standards. Molecular hydrogen, carbon dioxide and methane were measured by GC (GL Science model GC-3200; thermal conductivity detector; Shincarbon; column temperature, 100 8C).
To obtain pure cultures of anaerobic micro-organisms from the methanogenic bioreactor, 2 ml samples of the enrichment sediment slurry were inoculated into the basal medium containing various substrates in 50 ml serum vials. Among the different substrates, H 2 at 10 8C resulted in an enrichment culture containing rod-shaped, F 420 -autofluorescent cells that morphologically resembled members of the genus Methanobacterium as a major population, and rod-shaped cells having no autofluorescence as a minor population. To identify the microbes growing in the enrichment culture, we performed partial 16S rRNA gene-based clone analysis with an archaeal universal primer pair Arch21f/Ar912r (DeLong, 1992; Miyashita et al., 2009 ) and a bacterial universal primer pair EUB338F * /907r (Amann et al., 1990; Daims et al., 1999; Lane 1991) . The analysis indicated that all eight archaeal 16S rRNA gene sequences were identical and were very closely related to the sequence of Methanobacterium subterraneum A8p T (99.5 % sequence similarity) (Kotelnikova et al., 1998) . However, the most frequently detected bacterial phylotype (five of eight clones) was affiliated with the phylum Firmicutes and the most closely cultured species was S. saalensis ZF2 T (GenBank accession no. NR_025498; 94.2 % sequence similarity) (Breitenstein et al., 2002) . The remaining three bacterial phylotypes were retrieved with one phylotype each, and their most closely related cultured representatives were Marinifilum fragile JC2469
T within the phylum Bacteroidetes (88.7 % sequence similarity), Eubacterium angustum MK1 T within the phylum Firmicutes (91.0 % sequence similarity) and S. saalensis ZF2 T (93.0 % sequence identity). To isolate the predominant bacterial component closely related to members of the genus Sedimentibacter, we conducted a roll-tube isolation using yeast extract (0.5 %, w/v) as substrate, which is one of the common substrates utilized by species of the genus Sedimentibacter (Breitenstein et al., 2002; Zhang et al., 1994) . After 1 month of incubation, we picked colonies that differed in appearance, and transferred them into liquid medium containing 0.5 % (w/v) yeast extract. Among them, a liquid culture contained only rod-shaped cells morphologically resembling species of the genus Sedimentibacter. Roll-tube isolation was repeated twice, and finally the purified strain, designated strain MO-SEDI T , was obtained. Colonies of the strain were brownish, spherical and 0.2-0.3 mm in diameter after 1 month of incubation. The purity of strain MO-SEDI T was demonstrated by the failure to grow any micro-organisms other than strain MO-SEDI T in the following media at 10, 25 and 55 8C: (i) AC broth (Difco); (ii) thioglycollate medium (Difco) containing approximately 150 kPa H 2 /CO 2 (in the headspace) plus 10 mM sulfate; (iii) thioglycollate medium containing 10 mM lactate plus 10 mM sulfate; and (iv) thioglycollate medium containing 10 mM sucrose, 10 mM glucose, 10 mM cellobiose and 10 mM xylose. In addition, we evaluated purity based on the failure to recover archaeal 16S rRNA gene amplification by PCR with two archaeal primer sets, Arch21F/Ar912r (DeLong, 1992; Miyashita et al., 2009) and 340F/932R (Aoki et al., 2014; Murakami et al., 2012) . The results of molecular analysis also indicated that the culture of strain MO-SEDI T was axenic.
Cells of strain MO-SEDI T were non-motile, straight or slightly curved rods, 0.4-1.4 mm long and 0.4-0.6 mm wide; cells up to about 11 mm long were sometimes observed (Fig. 1) . Cells were Gram-stain-negative, but the KOH test indicted that strain MO-SEDI T is a Gramstain-positive bacterium. Spore formation was not observed in any growth phase or under any growth conditions tested (e.g. even after incubation at 80 8C for 1.5 h). The strain was unable to grow under aerobic conditions, i.e. no growth was observed in pyruvate/yeast extract medium in the absence of reducing agents such as sulfide and cysteine-HCl. Indole production and sulfide formation were observed when strain MO-SEDI T grew in SIM medium. Indole production was also confirmed by the API Rapid ID 32 A kit. Strain MO-SEDI T required yeast extract for growth and could grow with yeast extract as the sole energy and carbon source [cell growth could be clearly observed with $0.05 % (w/v) yeast extract]. In the presence of 0.01 % (w/v) yeast extract, strain MO-SEDI T was able to utilize the following amino acids (10 mM final concentration): valine, leucine, isoleucine, methionine, glycine, phenylalanine, tryptophan, lysine and arginine. In addition to amino acids, strain MO-SEDI T utilized pyruvate and melezitose. Because previous studies evaluated the amino acid effect for isolates of the genus Sedimentibacter (Breitenstein et al., 2002; Zhang et al., 1994) , we also investigated the effects of four amino acids (glycine, lysine, arginine and alanine) on the growth of strain MO-SEDI T (Table 1) . The four amino acids were added singly or in combination with glycine to medium containing 0.05 % (w/v) yeast extract. Glycine and lysine were utilized singly for growth and fermented to acetate, propionate and butyrate as major end products. The addition of arginine as a single substrate also showed growth and fatty acid production, but most arginine was converted to ornithine. This observation suggested that strain MO-SEDI T has arginase (Cunin et al., 1986) . L-Alanine did not support growth. However, a proportion of L-alanine was converted to D-alanine and fatty acids, suggesting the presence of alanine racemase on its cell membrane (Cava et al., 2011) . The combination of glycine and lysine led to marked increases in glycine consumption and acetate production, as compared with growth with each amino acid alone. This finding suggests that strain MO-SEDI T can perform a Stickland-like reaction with glycine reduction and lysine oxidation.
The following substrates did not support growth with 0.01 % (w/v) yeast extract (10 mM final concentration unless otherwise indicated): glutamate, serine, cysteine, threonine, histidine, proline, aspartate, asparagine, tyrosine, alanine, glucose (20 mM), arabinose (20 mM), mannose (20 mM), xylose (20 mM), rhamnose (20 mM), trehalose (20 mM), lactose (20 mM), sucrose (20 mM), maltose (20 mM), cellobiose, raffinose (20 mM), mannitol (20 mM), sorbitol (20 mM), salicin (20 mM), lactate, fumarate, crotonate, butyrate, propionate, benzoate (5 mM), ethanol (5 mM), glycerol, H 2 /CO 2 (80 : 20, v/v, approximately 100 kPa in the head space) plus acetate (1 mM), and formate plus acetate (1 mM). In addition, strain MO-SEDI T did not reduce the following inorganic substances in pyruvate-yeast extract medium: sulfate, sulfite (2 and 5 mM), elemental sulfur, nitrite (5 mM) and nitrate (5 mM). Table 1 . Utilization of four amino acids and the production of volatile fatty acids by strain MO-SEDI T Medium contained 0.05 % (w/v) yeast extract. A value for 100 % growth was equivalent to an OD 600 of 0.012. The concentrations of fatty acids determined were corrected for the amounts of fatty acids present in the yeast extract at time zero. ND, Not detected; TR, trace amounts (,0.1 mM); Gly, glycine; Lys, lysine; Arg, arginine; Orn, ornithine; Ala, alanine. Strain MO-SEDI T grew at temperatures of between 4 and 37 8C with optimum growth at 30 8C. The pH range for growth of the strain was 6.0-8.5 with an optimum of pH 7.0-7.5. The strain had been cultured on seawaterbased medium, but it could grow at low NaCl concentrations (down to 0 g l 21 ). The NaCl concentration range for growth was between 0 and 60 g NaCl l 21 with optimum growth at 20 g NaCl l
. Strain MO-SEDI T tolerated kanamycin, but ampicilin, rifampicin, vancomycin, penicillin G and chloramphenicol completely inhibited growth.
Polar lipid analysis showed that the isolate had phosphatidylglycerol, phosphatidyl lipids and unknown lipids (Fig. S1 , available in the online Supplementary Material). The major cellular fatty acids (.10 % of the total) were C 14 : 0 , C 16 : 1 v9 and C 16 : 0 dimethyl aldehyde (Tables 2  & S1 ). Isoprenoid quinones were not detected. With the API Rapid ID 32A and API ZYM systems, strain MO-SEDI T produced esterase (C4), esterase lipase (C8), naphthol-AS-BI-phosphoamidase, arginine dihydrolase, arginine arylamidase and leucylglycine arylamidase (Tables 2 & S2 ). The G+C content of the total DNA was 32.0 mol%. To determine the nearly complete 16S rRNA gene sequence of strain MO-SEDI T , PCR amplification was performed with DNA extracted from a pure culture using bacterial primer set 27f/1492r (Lane, 1991) . Sequencing results revealed that in the V1 region of the 16S rRNA gene sequence fragment peaks overlapped, suggesting that several heterogeneous sequences existed, but the rest of the 16S rRNA gene sequences were unambiguous. It is likely that strain MO-SEDI T has sequence-heterogeneous 16S rRNA genes in the rrn operons, as often observed in Bacteria (Acinas et al., 2004; Angly et al., 2014; Stoddard et al., 2015) . To clarify the heterogeneity of the 16S rRNA gene sequence, we performed clone analysis of the 16S rRNA gene amplicon. Ten clonal rRNA genes were randomly picked and sequenced. We found two types of 16S rRNA gene sequences and these were identical, except for the V1 region and one nucleotide in the V2 region. We designated the shorter sequence rrnA (1438 bp, seven of ten clones) and the longer one rrnB (1630 bp, three of ten clones). Comparative 16S rRNA gene sequence analysis showed that strain MO-SEDI T was affiliated with the genus Sedimentibacter within the order Clostridiales, phylum Firmicutes (Fig. 2) . The most closely cultured member to strain MO-SEDI T of the genus Sedimentibacter was S. saalensis ZF2 T (with 94.2 and 94.4 % sequence similarity for rrnA and rrnB, respectively; Fig. 2) (Breitenstein et al., 2002) .
Based on its morphological, physiological and molecular phylogenetic traits, strain MO-SEDI T is considered to belong to the genus Sedimentibacter. To date, two species of the genus Sedimentibacter have validly published names (Breitenstein et al., 2002; Zhang et al., 1994) . The novel isolate, MO-SEDI T , has several phenotypic features that are common to members of the genus Sedimentibacter, for example anaerobic chemo-organotrophic growth, cell morphology and DNA G+C content. However, there are several phenotypic properties distinguishing strain MO-SEDI T from other species of the genus Sedimentibacter (Tables 2, S1 and S2; Fig. S1 ): (i) strain MO-SEDI T does not have flagella and spore formation ability, although other members have both of these features; (ii) strain MO-SEDI T has a different temperature range for growth from other members of the genus Sedimentibacter, growing at lower temperatures such as 4 8C; (iii) major cellular fatty acids, such as C 14 : 0 and C 16 : 1 v9, are common to all three strains, but the composition is clearly different between the three strains; (iv) the three strains share several enzyme activities, but the patterns of enzyme activities are different between organisms; and (v) the polar lipid profiles displayed on two-dimensional TLC showed that the three strains have different polar lipid compositions. In addition to these physiological characteristics, phylogenetic analysis based on 16S rRNA gene sequences clearly showed that strain MO-SEDI T is distinct from other members of the genus Sedimentibacter (Fig. 2) .
Strain MO-SEDI T utilizes several amino acids and can perform a Stickland-like reaction with glycine and lysine. This use of amino acids was also observed for all members of the genus Sedimentibacter with validly published names (Breitenstein et al., 2002; Zhang et al., 1994) . In addition to amino acids, pyruvate and yeast extract are common energy sources for the growth of strain MO-SEDI T and other species of the genus Sedimentibacter. This common substrate usage might imply that strain MO-SEDI T and species of the genus Sedimentibacter with validly published names share similar metabolic traits. However, as the patterns of amino acid utilization and metabolic end products from pyruvate differ between these organisms (Table 2) , the metabolic pathway for substrate utilization may also differ for the three strains. On the basis of these phenotypic and genotypic characteristics, we propose that strain MO-SEDI T represents a novel species of the genus Sedimentibacter, with the name Sedimentibacter acidaminivorans sp. nov.
Description of Sedimentibacter acidaminivorans sp. nov.
Sedimentibacter acidaminivorans (a.cid.a.mi.ni.vo9rans. N.L. neut. n. acidum aminum amino acid; L. pres. part. vorans devouring; N.L. part. adj. acidaminivorans amino acid-devouring).
Strictly anaerobic. Cells are non-motile, straight or slightly curved rods, 0.4-1.4 mm long by 0.4-0.6 mm wide. Gramstain-negative, but KOH test indicates a Gram-stainpositive bacterium. Yeast extract is required for growth. In the presence of 0.01 % (w/v) yeast extract, growth occurs with valine, leucine, isoleucine, methionine, glycine, phenylalanine, tryptophan, lysine, arginine, pyruvate and melezitose. The following organic substrates are not utilized: glutamate, serine, cysteine, threonine, histidine, proline, aspartate, asparagine, tyrosine, alanine, glucose, arabinose, mannose, xylose, rhamnose, trehalose, lactose, sucrose, maltose, cellobiose, raffinose, mannitol, sorbitol, Breitenstein et al. (2002) . dData are from Zhang et al. (1994) and Breitenstein et al. (2002) . §Cells also form long filaments up to about 11 mm. |Cells also form long filaments up to 130 mm with no visible septation. "Sporulating cells elongate to between 5.0 and 8.0 mm long. **Arginine did not support growth, but most arginine was converted to ornithine, probably due to arginase.
salicin, lactate, fumarate, crotonate, butyrate, propionate, benzoate, ethanol, glycerol, H 2 /CO 2 plus acetate and formate plus acetate. The following inorganic substrates are not utilized: sulfate, sulfite, elemental sulfur, nitrite and nitrate. Tests for indole production and sulfide formation are positive. The temperature range for growth is 4-37 uC (optimum 30 uC). The pH range for growth is 6.0-8.5 (optimum pH 7.0-7.5). Growth is observed in the presence of 0-60 g NaCl l 21 with an optimum of 20 g NaCl l
21
. Isoprenoid quinones are absent. The major cellular fatty acids are C 14 : 0 , C 16 : 1 v9 and C 16 : 0 dimethyl aldehyde. The polar lipids are phosphatidylglycerol, phosphatidyl lipids and unknown lipids. With the API Rapid ID 32A and API ZYM systems, positive reactions are obtained for esterase (C4), esterase lipase (C8), naphthol-AS-BI-phosphoamidase, arginine dihydrolase, arginine arylamidase and leucylglycine arylamidase.
The type strain is MO-SEDI T (5JCM 17293 T 5DSM 24004 T ), which was isolated from marine subsurface sediments obtained off the Shimokita Peninsula, Japan. The G+C content of the DNA of the type strain is 32.0 mol% (determined using HPLC). diales. The tree was based on distance matrix analysis of 16S rRNA gene sequences, excluding the V1 regions, and was reconstructed using the neighbour-joining method with Jukes-Cantor correction. Thermoanaerobacterium saccharolyticum DSM 7060 T (GenBank accession no. L09169) was used to root the tree (not shown). Bootstrap values were obtained from the neighbour-joining/maximum-parsimony/maximum-likelihood methods based on 1000 replicates. Accession numbers are shown after the species/strain names. Bar, 0.1 changes per nucleotide sequence position.
